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Parameters Required for Formability Evaluation 

Stress-Strain Properties 

* Optimum combination of me strength & elongation 
Charpy v-notch Impact value 

• I rrpact tests on notched spedmans are used to predict the 
likelihood ot brittle fracture 

Stress Rupture (bunt, cofl&pse) 



• Wgher strength t3 better but decreased ductlfityrtoughness 
with Increased susoepibffity.Jo environmental cracking 

Strain-hardening exponent (n • value) 

• Material with higher strain-hardening exponent can avoid 
failure during tube expansion 

Plastic strain ratio (r or Lankford - value) 

• The ratio of the strains occurring in the width and tructness 
directions- in case greater than 1.0 wil be mora resistant to 
thinning and better suited lo tubular expansion 




Wall thickness (b) 



Pipe Anisotropy Consideration 

Width (W) 

1 

j&Cfl Wall 

r= ln(wf/wo)/ln(bf/bo» 

wK & wo - initial and final pipe width 
bo & bk - initial and final wall thickness 
r - anisotropy 



m 

■ 

o 



Dog Bone Sample Stress-Strain Property 
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Y7T rafto fs less than 85%, Longitudinal efongatfon Is more than 72%, 
P/pe width reduction Is more than 30%, Anisotropy is more than 0.8 
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Expandability (?) Coefficient 

r= ln(wr/wo)/ln(bf/bo) 



f=rxn 



t - expandability coefficient 
r -anisotropy 

n - strain hardening exponent 

Higher width to wall thickness reduction 
ratio can provides a better expandability 
» performance 
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n - Value Definition 

(Strain-Hardening Exponent) 
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EGT Super Pipe Requirements 

Absorbed energy 
fmin) at .4/F(-20'C) 

Longitudinal dlroctlon 80 ft -lb 



45% min 
Crack -free 
Regular 

Transverse direction 60 ft -lb Mechanical expansion eX p ans i 0 n 



Transversa wold area 60 ft 4 b 




forces 

Tensile strength 60-120 ksf 
Yield strength 40.1 00 ksf 
Y/T ratio 50/B5 %max 

Elongation 35% min 

Width reduction 40% min 
Thickness reduction 30% min 
Anisotropy 1,5 min 
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Dual Phase Steel 



Micros tructure. 

- 15%-30% Martensite. 

- Ferrite 

- Retained austenSe 

Composition. 
-0.1%C, l.2%Mn, 
03%Si. 

1.5%Mn) 
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Engineering Stress vs. Strain Curve 
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Yield Strength Transformation during Expandable 
for Dual Phase Steel Application (Hypothesis) 
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y Inter critical annealing 
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Pipe for Expandable 
Tubular Applications 



Jt*f 14, KCS 



J3BBXSUU 



Outline 

• I {foul pips required characteristics 

• B)-extal itfesarstrafri property evaluation 

• Pipe selection formablilty methodology 

■ Super rorrnabta pipe to* expandable tubular 

• Action pbn discussion 
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Idea/ Expandable Pipe Performance 
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Fracture Toughness Definition 

• TOUGHNESS 

. ABILITY TO WITHSTAND SHOCK 
. MEASURE OF THE TOTAL 
AMOUNT OF ENERGY TO CAUSE 
FAILURE 

* K COKTJWfT TO BTHBWTH WHICH Q 

amqumi or enccs to deform on 

MEM 

ft METALS MUST BE BOTH 
STRONG AND DUCTILE 
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Cftanging Property Contradiction 

• IF YOU MAKE THE METAL 
STRONGER. TT ALSO BECOMES 
HARDER AND MORE BRITTLE 



• IF YOU MAKE IT MORE DUCTILE IT 
WILL BECOME TOUGHER BUT AT THE 
PRICE OF REDUCED STRENGTH AND 
HARDNESS 
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Testing Methodology 



Stress-Strain Property Evaluation 
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Pipe Flare Expansion 
Pipe Hydraulic Expansion 



Engineering Stress vs. Strain Curve 
for Typical TensSe Test 
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mss-Srrain Property of the Target vs. 
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Pipe Anisotropy Consideration 
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Absoftxxt Energy and Flare Expansion Testing 
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n • Va/ue Definition 
Strain- Ksrdtnhe Exponent 
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Expandability Coefficient 
(Hypothesis) 

r= ln(wt^o)/ln(bt/bo) 
f=rxn 

ifticlint 



f -expandability* 
r • enlsotropy 

rt - strain hardening exponent 

Higher width to wail thickness reduction 
ratio can provtdee e better expandability 
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pipe for expandable 
tubular proposal 



Engineering Stress vs. Strain Curve 




EGT Super Pipe Fiequirements 
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Controlled Rotting 

Stage 1 Deformation 

• tneotubte Precipitatae Retard 
Austen! te Growth 
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Controlled Rolling 
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« Ferrite Grain Size Depends on: 
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Different Materia! n - values 
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expandability coefficient 
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n - strain hardening exponent 
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Pipe design for expandable 
application: - selection of 
the composition end pre- 
expansion TMT to achieve 
maximum ductility before 
and maximum strength after 
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Vikki Meriwether Wtvlw 

From: Mark Shuster 

Sent: Friday, July 18, 2003 4:18 PM 

To: Vikki Meriwether 

Cc: Todd Mattingly; Larry Kendziora; Scott Costa; 'Grigoriy Grinberg'; Mark Shuster 
Subject: Invention proposal 

Connection for expandable tubular with deformable thread profile 

(Invention proposal) 

There are technical contradictions for expandable tubular connections. The thread 
needs to have enough strength for load carrying of the pipe string with a grade steel of 
at least 60 - 80 ksi yield with corresponding hardness (-20HRC). During expansion a 
lower yield material, 1 5-40 ksi, in the thread profile prevents or creates a bonding 
across the threads during expansion. The main idea of invention is a deformable thread 
profile of the connection for expandable tubular. This type of the contradiction could be 
solved by different designs, material and technology application providing easy plastic 
deformation and corresponding smashing of the thread profile surfaces. There are a lot 
of technical decisions which could provide such thread surface deformation. 
The main are: 

Soft insert application, such copper, aluminum or other soft metal. The other 
benefit of the application of the soft inner layer on connection cross section is 
different stress strain (residual stress on pipe ID and OD distribution which can 
provide tighter joint after expansion. Soft inner layer can be produced by insert, 
spraying, galvanizing, etc. 

Localized thread surface annealing by induction treatment or torch flame. In the 
case of induction heat we can use high frequency to achieve thinner layer (less 
than 0.08") or low frequency for thicker annealed layer (more than 0.08'). Plastic 
deformation of the relatively softer thread surfaces will provide a better condition 
for localized scuffing (galling, scoring, seizure phenomenon) with following 
clinching of the tread surfaces during expansion 

=> Special thread geometry (shape) with lower load capacity (groove, notches, etc) 
provides easy deformation during expansion (see attachment) 
Special chemical or thermo chemical treatment to thread softening surfaces 

=> Application of the active termite type of composition provides extra heat in 
contact between thread surfaces with following surface softening 



The authors: M. Shuster, S. Costa, L Kendziora - all Enventure 

G. Grinberg (GS Engineering) -father of the original soft insert idea 



Mark Shuster, PhD 
Senior Technical Advisor 
ENVENTURE Global Technology 
16200-A Park Row | Houston, TX 77084 
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phone: 281.492.5039 | cell: 281.815.0770 
main: 281.492.5000 | fax: 281.492.5050 

mark.shuster@enventureGT.com 
www.enventureGT.c m 

Confidentiality Notice 

This message is intended exclusively for the individual or entity to which it is addressed. This communication may contain information that is 
proprietary, privileged or confidential or otherwise legally exempt from disclosure. If you are not the named addressee, you are not authorized 
to read, print, retain, copy or disseminate this message or any part of it. if you have received this message in error, please notify the sender 
immediately by e-mail and delete all copies of the message. 
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Vikki Meriwether 



From: Mark Shuster 

Sent: Tuesday, July 22, 2003 9:21 PM 

To: Vikki Meriwether 

Cc: Todd Mattingly; Kevin Waddell; Edwin Zwald; Jose Menchaca 
Subject: A NEW PROPOSAL OR INVENTION 

One of the main disadvantages or better say challenges for expandable tubular application is 
decreasing pipe collapse performance. This possible invention is leading to extended collapse 
performance for expandable tubular. Previous analysis of the different lubricants efficiency 
during mechanical expansion point that low friction lubricant (pipe ID solid film as well as 
special greases or combination of these options) significantly decrease an expansion load. 
This indicates an opportunity of thicker pipe application with the same affordable expansion 
forces. Additionally, low friction lubricant decrease residual stresses, increase shrinkage, 
slightly decrease pipe wall thinning (see attached power point presentation). All of these 
options improve collapse after expansion. The other resource of the collapse enhancement is 
special pipe material and heat treatment application provides low yield material characteristics 
during expansion but as results of high n-value (hardening exponent) high yield performance 
after expansion. Computer modeling prediction and calculation of the possible affordable pipe 
wall thickness and collapse performance indicates significant possibility for collapse 
increasing. 

For instance, only decreasing level of the friction coefficient from current 0.12 (expansion at 
water base mud) to 0,075 (Brighton film application) leads to the possibility of wall thickness 
increasing from 0,305" to 0.350" and correspondency to 36% collapse improvement. 
Application of the best available lubricant (combination of the low friction film and special 
greases) provides the opportunity increase wall thickness to 0.450" and correspondent^ to 
145% collapse improvement. And finally the application of the best available lubrication (solid 
film and special grease) and special pipe with high n-value material and heat treatment can 
increase collapse in more than 3.5 times in comparison with current 6 M X 0.305 " pipe. 
The details of this proposal are shown in the presentation. 

The co-authors of this proposal (or invention) are Kevin Waddell (idea and preliminary 
performance evaluation), Jose Menchaca (computer modeling) and Ed Zwald (final pipe wall 
thickness and collapse performance calculation). 

Sincerely, 

Mark Shuster, PhD 
Senior Technical Advisor 
ENVENTURE Global Technology 
16200-A Park Row | Houston, TX 77084 
phone: 281.492.5039 | cell: 281.815.0770 
main: 281.492.5000 | fax: 281.492.5050 
mark.shuster@enventureGT.com 
www.enventureGT.com 

Confidentiality Notice 

This message is intended exclusively for the individual or entity to which it is addressed. This communication may contain information that is 
proprietary, privileged or confidential or otherwise legally exempt from disclosure. If you are not the named addressee, you are not authorized 
to read, print, retain, copy or disseminate this message or any part of it If you have received this message in error, please notify the sender 
immediately by e-mail and delete all copies of the message. 
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Vikki Meriwether 



From: Mark Shuster 

Sent: Thursday, August 14, 2003 7:36 AM 

To: Vikki Meriwether 

Cc: Kevin Waddell; Todd Mattingly; 'todd.mattingly@haynesboone.corTV 
Subject: RE: Invention addition 

Vikki, 

Please see an attachment for patent related to collapse performance enhancement proved that 
pipe material with high n-value significant increases yield (from 50 ksi to more than 100 ksi) 
and then collapse due work hardening during expansion. For comparison (slide 3) LSX80 
yield doesn't change much even after 24% expansion. 

Mark Shuster 

phone: 281.492.5039 | cell: 281.615.0770 
main: 281.492.5000 | fax: 281.492.5050 

Confidentiality Notice 

This message is intended exclusively for the individual or entity to which it is addressed. This communication may contain information that is 
proprietary, privileged or confidential or otherwise legally exempt from disclosure. If you are not the named addressee, you are not authorized 
to read, print, retain, copy or disseminate this message or any part of it. If you have received this message in error, please notify the sender 
immediately by e-mail and delete all copies of the message. 

— Original Message — 

From: Vikki Meriwether 

Sent: Wednesday, August 13, 2003 4:12 PM 

To: Mark Shuster 

Cc; Kevin Waddell; Todd Mattingly; , todd.mattingly@haynesboone.con r r v 
Subject: I forgot to tell you 
Importance: High 

that the US provisional application we plan to file tomorrow will also contain Invention Disclosures EGT- 
2003-19 ("Pipe for Expandable Tubular Applications") and EGT-2003-24 (""Decreasing Pipe Collapse 
Performance," as well as EGT-2003-23. These Invention Disclosures have all been approved for filing 
and we will name the new application "Expandable Pipe." If you have anything additional for EGT-2003- 
19 and EGT-2003-24, please give it to me ASAP. Thanks, Vikki 

Vikki M. Meriwether 

Senior Legal Assistant 

ENVENTURE Global Technology 

16200-A Park Row / Houston, TX 77084 

direct: 281^92-5089 

main: 281^92-5000 /fax: 281-492-5826 

vikkLmeriwetherrgtenventureGT.com 

www.enventureGT.com 

Confidentiality Notice 

This message is intended exclusively for the individual or entity to which it is addressed. This 
communication may contain information that is proprietary, privileged or confidential or otherwise legally 
exempt from disclosure. If you are not the named addressee, you are not authorized to read, print, retain, 
copy or disseminate this message or any part of it If you have received this message in error, please 
notify the sender immediately by e-mail and delete all copies of the message. 
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